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(57) Abstract 



The present invention teaches parallel coupling* what- are hereip termed a "switching stagehand a ""steering 'stage", thereby arranging 
the mixer (100) and variable gain amplifier/xircuitiy? merged circuit. The' meVged. Variable ^gaih. mixers of the present 

invention provide mixing and gain functionality -utilizing only that power needed for a basic mixer function -and only the transconductance 
(103) of the basic mixer function'' (thereby eliminating riorVMiriearities introduced by additional transconductance stages pi prior art circuitry). 
Further, in the merged variable gain mixers described hercjn, no. additional headroom is needed other, than what is. required -by the basic 
mixer function. The present invention contemplates a variety of merged variable gain mixers including AC and DC coupled merged variable 
gain mixer of both single and double balanced configuration. 



BNSDOCID <WO__ 9S63676A1 i > 




, * FOR THE PURPOSES OF INFORMATION* ONLY ' ; 

Codes used to identify States party to the'PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania **. " - • 


es * y 


Spain ' *~ . 


-■: iis • - 


i liesotho- t -*■* * 


- SI 


" ^ Slovenia* 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal .■ '. 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


* sz 


Swaziland 


AZ 


Azerbaijan . , 


- GB t 


United Kingdom 




" Monaco - - 


■ • TD *, 


, Chad 


BA 


Bosnia and Herzegovina 


" GE '* 


Georgia 


MD 


Republic of Moldova 


tg' 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


.. Madagascar 


TJ 


Tajikistan 


BE • 


Belgium c* : 


GN 


Guinea ' *- 


MK 


' The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 




Turkey 


BG. 


Bulgaria 


v H'J- ^ 


Hungary* / . . i 


' '" - ML 


-MalY - ; ' * 


TT 


• Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil . ■ > 




v Israel 


mr : 


Mauritania' ; . 


UG 


. Uganda 


BY 


Belarus 


IS 


Iceland 


M\V "" 


Malawi 


US 


United States of America 


CA 


Canada _ 
Central African Republic' 


IT, 


Italy . t , T . 


MX . 


. Mexico . 


uz 


• . Uzbekistan 


CF 


JP 


Japan * - 


NE ' * 


Niger 


VN' 


Viet Nam 


CG 


Congo r , 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia . . . 


CH 


Switzerland - * ' 1 ■ - 


- XC : 


Kyrgyzstan 


Nb 


> • Norway ' 


zw 


Zimbabwe " 


CI 


Cdte d' I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


. Cameroon ■ 1 




Republic of Korea 


PL 


Poland. " • i ' ; * 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU , 


■ Cuba * ( 


KZ . 


Kazakstan 


t r Rq 


Romania 






cz J 


Czech Republic 




Saint Lucia 


RU" 


Russian Federation 






DC 


Germany 


u 


Liechtenstein 


SD - 


Sudan . , . . 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSOOCID: <WO_9963676Al_l_> 



WO 99/63676 



PCTAJS99/04632 



MERGED VARIABLE GAIN MIXERS 
Description 

Technical Field 

5 The present invention is related to signal mixing and amplifying or attenuating circuitry. 

More specifically, the present invention teaches a variety of merged variable gain mixers 
capable of mixing and variably amplifying or attenuating an input signal. 

Background Art 

10 Many electronics applications require processing an input frequency signal with both a 

mixing function and a variable gain function. For example, typical wireless communication 
system transmitters and receivers utilize separate mixer and variable gain amplifier devices in 
order to operate upon the input signal as desired. In many applications, such circuitry must 
operate with low supply voltages (e.g., 2.7 Volts) and at extremely low temperatures (e.g., -40 

15 degrees C). 

Figure 1 illustrates a prior art mixing and gain control circuitry 100 suitable for mixing 
and variably amplifying an input signal VIN to generate a desired output signal Vout. The 
circuitry 100 includes a so called Gilbert cell mixer 102, a variable gain amplifier 104, blocking 
capacitors C, and C 2 , and a bias source formed by the resistor pair Ri and R 2 . The Gilbert cell 
20 mixer 102 includes three differentially connected transistor pairs Q1-Q2, Q3-Q4, and Q5-Q6, a 
. . .current. source II, .and a pau\o£xesistors~R 3 -and R 4 . Those skilled in the art will be familiar with 
the operation of the Gilbert cell ;mixer t f 1.02, the functionality of which is defined primarily by the 
.,. : . linear, transconductor 1 03 , (fprme&.&y the, ? transistor pair Q5-Q6) and the, current switch or 
switching quad l t 05 (formed by the transistor quad Q1-Q4) which causes the mixing of the input 
25 current. , - •> * * - . • ..*. 

The input signal Vin is coupled to the bases of transistors Q5 and Q6 so that the' linear, 
transconductor ,103 may convert it' into a current signal. The local oscillator signal LO is' , 
connected- to the bases of differential transistor pairs Q1-Q2 and Q3-Q4. The blocking 
capacitors C, and C 2 may serve to< disassociate any DC bias present on the LO signal. 
30 L The mixer 102 operates as follows; The current signal out of the transconductor 103 is 

multiplied by +1 and -1 at the frequency of the local oscillator, signal LO. This happens as the' 
local oscillator signal LO switches- the switching quad 105 ON and OFF at the frequency of the 
local oscillator signal LO. The : resulting output current into the load (the load here being 
represented for convenience by R 3 ,and R 4 ) is a current which contains signals with frequencies - 
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that are the sum and. difference, respectively,- of the frequencies iof the local oscillator signal LO 
and the input signal Vin. Typically only one of the . sum and difference signals is later used, the 
other being eliminated by simple filtering (not shown in Figure; 1).* Hence, as will be 
appreciated, the mixer 102 is basically, a multiplier that takes a locaLoscillator signal LO and the 
input signal Vin and frequency translates the input signal Vin to a new differential signal at the 
mixer output terminals M, and M 2 . 

Depending upon the* application, a variable gain function. can either precede or follow the 
mixer function in a radio transceiver., In' a transmit application the mixer would serve as an 
,upconvertor. *That is, the. input would be either- at baseband or. intennediate frequency (I f ), 
typically 0-20 MHz and 10-400 MHz, respectively. The output signal from the mixer would be 
at much higher RF frequencies. Typically, any variable. gain. function preceding the mixer is 
called I f variable gain and any variable gain function after the mixer is called RF variable gain. 

. : In the prior art Gilbert cell mixers there are implementations of I f variable gain wherein 
the gain of the input transconductor can be varied by controlling the gain of the currentsource 

11. However, in Figure 1 we illustrate an RF variable gain control function: (i.e., the gain 
function is implemented after the » mixer); Accordingly,- the differential signal generated by the 
■ mixer at terminals, M, and M 2 is coupled to the input of the variable gain amplifier 104. As will 
be appreciated, the amplifier 104 . shown in: Figure 1 is simply a conceptual representation of a 
voltage controlled variable gain amplifier. That is; as the control, voltage V gc varies, the. gain of 
the amplifier 104 varies. - „ . -.t- : iL ; ; - r 

Prior art Figure 2 is a schematic showing * in; more detail one typical ■ variable gain 
amplifier 104. The amplifier 104 of Figure 2 includes three differentially connected transistor 
pairs Q7-Q8, Q9-Q10, and Q11-Q12, a pair of resistors R^ and R*, and a second current source 

12. The mixer outputs M x and M 2 are coupled to the bases of transistors Q7 and Q8. The 
emitters of Q7 and Q8 are coupled at a first terminal of a second current source 12. Hence the 
voltage signal on M, and M 2 is once again converted into a current signal by another 
transconductance stage formed by the transistor pair Q7-Q8. Those of skill in the art will 
appreciate that a linear transconductance stage such as this may take on innumerable forms. 

The control voltage V gc is coupled to the bases of transistor pairs Q9-Q10 and Ql 1-Q12. 
The emitters of Q9 and Q10 are coupled to the collector of transistor Q7. The emitters of Ql 1 
and Q12 are coupled to the collector of transistor Q8. The collectors of transistors Q9 and Q12, 
and first terminals of the resistors R 5 and R^ are coupled to the supply voltage V cc . A second 
terminal of the resistor R 5 is coupled to the collector of transistor Q10 and a second terminal of 
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; r the resistor R4 is: coupled- to the collector of transistor QM. - The output signal O f is therefore 
generated at the collectors of Q10 and Ql 1. • * " 

- Typical of the Prior Art/the mixing and gain circuitry 100 shown in Figures 1 and 2 has 
.several shortcomings. One major shortcoming is the non-linearity introduced by the two 
5 * 'transconductance stages (i.e., Q5-Q6 and Q7-Q8)^ Another serious shortcoming is the power : 
loss due to the current sources II and 12. This power loss is particularly problematic when 
designing for supplies at 2:7V (and lower) and cold temperature operating conditions. 

Figure 3 illustrates a* second thixing and' gain control circuitry 200 of the Prior 4 Art. The 
circuitry 200 is motivated by a recognition -that the second transconductance stage formed by the 
10- , transistor pair Q7 and Q8- is" unnecessary: if one connects the Gilbert cell mixer 102 directly in 
* ; series withthe transistorpairs!Q9.-Qli0/andcQl 1-Q12. Doing so, as shown in 1 Figure 3, allows 
• the . gain control ivoltage signal V g( rto"directly control the current flow through the Gilbert cell 
mixer 102. This eliminates any non-linearities introduced by the second transconductance stage 
% * -as:welLas improving power efficiency by eliminating the second current -source I2i. h- " " 4 
15...;. '1: ; The improvements xrt linearity and power- efficiency of circuitry 200 are not free. J 
. 1 Connecting . the Gilbert/cell mixeritOiibin series; with the :? viable ^ gain amplifier of Figure 3 s 

forms a circuit that suffers from: aifotir transistor voltage drop* spfecMcMly the ? three transistor 
, " ; drop across the Gilbert cell mixer 102 and the single transistor drop- across transistor -pairs Q9- **• 11 
. ;Q10 and\Qll-Q12. This makes -use of the circuitry 200' witMow voltage supplies-problematic. ,1 
20 What is needed is a mixer and variable gain amplifier circuit that 4aeks : the non-linearity 3 

f and power .inefficiencies of^muitipler transconductance stages, yet is eapiafble- of operating 
■*.-.,.; properly when provided low supply-voltages. :■ *~ * : 1; : :::r;;. 
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: Disclosure of the Invention . , " r. - ■ . ? K . 

The present .invention teaches parallel coupling what are herein termed a "switching 
stage" and a "steering stage," thereby arranging the mixer and variable gain amplifier circuitry 
as a single merged circuit. The merged variable gain mixers of the present invention provide 
mixing and gain functionality utilizing only that power needed for a basic mixer function and 
only the transconductance of the basic mixer function (thereby eliminating non-linearities 
introduced by additional transconductance stages of prior art circuitry). Further, in the merged 
variable gain mixers described herein, no additional headroom is needed other than what is 
required by the basic mixer function. The present invention contemplates a variety of merged 
variable gain mixers including AC and DC coupled merged variable gain mixer of both single 
and double balanced configuration. 

For example, one embodiment of the present invention teaches a merged variable gain 
mixer having a switching device (or stage) and a current steering device (or stage) coupled in 
parallel. The switching device is responsive to an oscillator signal LO applied to a first input 
pair and an input signal I f applied to a second input pair to generate an output signal O f at an 
output pair. The output signal O f will have an amplitude that is a function of the input signal I f 
and an output frequency that is a function of both the signal LO and the input signal I f . The 
current steering device is operable to control, as a function of a control voltage V gc applied at a 
control voltage input, a current flowing between a supply voltage coupled to a supply 
voltage input and a current steering device first input pair. The switching device second input 
pair and the current steering device first input pair are coupled together such that the current 
steering device can attenuate the output signal O f by steering a portion of the current of the input 
signal I f away from the switching device and dumping that portion of the current out to the 
supply voltage V w . 

The different stages may take on a variety of different arrangements. For example, in a 
double balanced merged variable gain mixer, the mixing stage may be formed as a mixing quad 
having four transistors and the steering stage may be formed as a steering quad with another 
four transistors. Alternatively, in a single balanced merged variable gain mixer, the mixing 
stage may be formed by a pair of transistors and the steering stage may be formed by another 
pair of transistors. 

The present invention also teaches a method for mixing and variably amplifying an input 
signal I f in order to generate an output signal O f . This method involves receiving an input signal 
I f having an input frequency and an input current, receiving a local oscillator signal, receiving a 
gain control voltage V gc , absorbing a portion of the input current as a function of the gain 
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control voltage V gc and the local oscillator signal, thereby generating -atf .attenuated. input signal 
having an attenuated input current,. and generating an output signal O f that is a function of the 
attenuated, input signal, the input frequency, and the local oscillator signal. 



.": -• it-;.-"-* ar:" 



5 - 



BNSDOCID: <WO 9963676/U_l_> 



WO 99/63676 . PCT/US99/04632 

Brief Description of the Drawings , >; f. 1 ;.; .1 

Prior Art Figure 1 is a. schematic of one traditional mixer and . variable gain amplifier 
circuitry. ■■ . ; . * 

Prior Art Figure 2 is a schematic showing the variable gain amplifier of Figure 1 in more 
5 . detail. . . . ■ 

Prior Art Figure 3 is a schematic of another traditional coupling of a mixer and a 
variable gain amplifier. . .. 

Figure 4 is a schematic of an AC coupled, double balanced, merged .variable gain mixer 
in accordance with one embodiment of the present invention. . „ 
10 Figure 5 is a schematic of a DC coupled, double balanced,, merged variable gain mixer in 

accordance with another embodiment of the.present invention. / 

Figure 6 is a schematic of an AC . coupled, single balanced, merged variable, gain mixer 
in accordance with yet another embodiment of the present invention. 

Figure. 7 is a schematic of a DC coupled, single balanced, merged variable: gain: mixer in 
1 5 accordance with a separate embodiment of the present inventions f . 

. v 1 T.; *■ ■• ..... . ., . r,: -.„ • . . . 
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Best Modes for Carrying out the Invention - _u > Y. ;.\ : : 

The present invention teaches parallel coupling what are hei-ein termed a "switching 
stage" and a "current steering stage," thereby arranging the mixer and variable gain amplifier 
circuitry as a single merged circuit. The merged variable gain mixers, of the present invention 
provide mixing and gain functionality utilizing only that power needed for a basic mixer 
function and only the transconductance of the basic mixer function (thereby eliminating non- 
linearities introduced by additional transconductance stages of prior art circuitry). Further, in 
the merged variable gain mixers? described herein, no additional headroom is needed other than 
what is required by the basic mixer function: ' In, essence, 'the present invention provides the 
variable gain function almost -freer -/almost" because due to a larger power required of the local 
oscillator signal LO, there is a slight increase in .power consumption by the LO circuitry as 
compared to the basic mixer function taken alone. 'i v 

Figure 4 illustrates an AC coupled, double balanced, merged variable gain mixer 300 in 
■ accordance with one embodiment of the present invention. The merged variable gain mixer 300 
of Figure 4 includes a switching :quad having four transistors Ql, Q2, Q3, and Q4, and.a steering 
quad having four transistors Q5, Q6, Q7, and Q8. The bases of transistors Ql and Q2 are 
coupled together and then connected to a first input LOl for the local oscillator signal through a 
DC blocking capacitor C,. The bases of transistors Q3 and Q4 are coupled together and then 
connected to a second input L02 for the local oscillator signal through a DC blocking capacitor 
C 2 . The emitters of transistors Ql, Q3, Q5, and Q6 are coupled together forming a first input 
IF1 for the differential input signal current I f . The emitters of transistors Q2, Q4, Q7, and Q8 
are coupled together forming a second input for the input signal I f . 

The bases of transistors Q5 and Q8 are coupled together and then connected both to the 
first oscillator input LOl through a DC blocking capacitor C 3 , and to a control voltage V b +V gc 
through resistors and R 4 . The bases of transistors Q6 and Q7 are coupled together and then 
connected both to the second oscillator input L02 through a DC blocking capacitor C 4 , and to 
the control voltage V b +V gc through resistors R 2 and R 3 . As will be appreciated, LOl and L02 
constitute the differential parts of the local oscillator signal LO. Bias current is provided to the 
bases of transistors Ql and Q2 and the bases of transistors Q3 and Q4 through resistors R 5 and 
R^, respectively. 

The merged variable gain mixer 300 generally operates as follows. To achieve the 
maximum gain (i.e., minimum attenuation), the control voltage V gc is adjusted such that the 
steering quad transistors Q5-Q8 are turned off. When completely turned off, no current is 

> 7 - 



9S63676A1 I > 



(H 

WO 99/63676 PCT/US99/04632 

dumped through these transistors, instead the entire' current is steered into the output signal O f . 
Note that in this state the merged variable gain mixer 300 operates as a regular mixer. 

To attenuate the output signal O f , the control voltage V gc is adjusted to create controlled 
offset between transistor pairs Q1-Q5, Q3-Q6, Q4-Q7, and Q2-Q8. The combination of DC 
5 offset and the AC coupling of the local oscillator signal LO causes the controlled offset to be 
dynamic. That is, the offset is maintained over the duration of the entire LO cycle. This 
dynamic effect causes a portion of the input current, during switching, to be diverted or steered 
away from the output switched current. This steered current is essentially thrown away, directly 
to a current supply for example. The amount of .current steered , away is dependent on the 
10 controlled offset. . • • • 

In a typical radio transceiver, it is usually desirable to obtain a log-linear relationship 
between the output current and the control voltage. Those of skill in the art will be well familiar 
. with such control circuits necessary to effect this relationship, and will recognize that the 
merged variable gain mixers of the present invention work well, with such, priqj: art. control 
15 circuits. _ 

In the r inerged^ variable, gain, mixer,. 300, the blocking capacitors C,-C 4 serve to 
t 4isassopi^te the switching quad from any DC present in the local oscillator circuitry. However, 
tt t the local oscillator circuitry could alsq.be designed to include a bias signal for driving the 
switching quad, thus eliminating the need to provide a bias signal through resistors Rs and R*. 
20 In this case, the blocking capacitors C,-C 4 must be removed and the control offset : voltage 
. between jtjie two quads introduced through separate local oscillator signals LO. One such 

suitable embodiment will now be described.,. . - 

Figure 5 illustrates a DC coupled, double; balanced, merged variable gain mixer 400 in 
accordance with another embodiment of the present invention. , The merged variable gain mixer 
25 400 is designed for use with local oscillator circuitry that is DC coupled. Accordingly, no 
, blocking capacitors are required in the : variable gain mixer, 40Q of Figure 5. .In all other respects, 
the merged variable gain mixei; 400 is arranged .and operates as the merged variable gain mixer 
... 300 of Figure 4.. . M! . s . , 

The twq LO waveforms LOl and L02 are substantially identical as jfar as AC 
30. characteristics are concerned. . The average values f are . different, however, due to the offset 
, introduced via, control circuitry. ( This, dynamic offset acts in exactly the same manner as 
described previously in steering current away during switching. The relationship between. 
v ..output current and input current follows the well known equation: 

-8- 




BNSDOCID <WO 



&&S3676A1 I > 



,tWO 99/63676 PCT/US99/04632 



/iw . .. , , V control ^ 

where A is a constant dependent upon the conversion gain of the mixer due to the LO switching, 

Vcontrol is the offset Voltage between the main switching devices and the auxiliary steering 
* ' .......... ^ 

devices and Vt is the thermal voltage : given by the. well-known relationship Vt = — . 

5 When Vcontrol > 4x Vt (about 100m V @ 25 C), all current is carried by the switching 

devices and the steering devices ai-e shut off at all points' during the LO cycle. This is the point 
of maximum gain. At V6ontroT = Vt, the gain reduces to aboiif one-half (1/2) the value of the 
maximum gain. Below Vt, the gain decreases substantially exponentially. 
: * To further emphasize certain aspects of the prbseht invention, Figure 5 shows the 

10 merged variable gkin mixer400' with the switching quad drawn separately as a switching device 
: 402 aind the steerifig quad" drawn separately as a 'current steering device 404. As will be 
' t;f ' apparent; the switching device 402 and the current steering device 404 are coupleci in parallel. 
Hence the merged variable gain mixers of the present invention have no additional constraints in 
terms of extra supply voltage or ciin-erit' needed 'as cdmpa^ed'tb 1 a stknd alone mixer of the same 
15 ' or similar' configuration (e.g., the switching traiisistbrs). Those skilled in the iirt 1 will appreciate 
' that the principles^df the present invention can be iiseid to couple any suitable current steering 
'" device together with any suitable switching device to form a merged variable gain mixer with 
L '* J the above-described impro^&CHara^ ' ~* u t " 

^e : ' above" ct&cnption the merged* variable * gain* mixer in a double 

20 balanced configuration. However, the present invention further ' contehiplates ^irijgle balanced 
merged Variable gain mixers, both : A r C and DC coupled. Figure '6 provides a schematic of an 
~ AC coupled; smgte : balainced variable gain rrtixer 500;* while Figure 7 provides a schematic of a 
DC coupled, single balanced variable gain mixer 600. 

Like the above described merged" variable" gain mixeirs^each variable gzun mixer 500 and 
25 ::v 600 has a" switching stage coupled in parallel with a steering stage. HbweVer; in order to 
implement a single balanced merged variable gain mixer, note that only four transistors (as 
1 opposed to* eight) are required."* By referring to Figures 6 and 7; and by way of ahalogy with the 
- ; above-description 1 of the double* balanced variable gain mixers; those &f 'skift in the art will 
*- readily understand tfie operation knd implementation of the sihgle baiariced P> variabVe gain mixers 
30 ; of the present invention' ! f; - 4 * L '**""' ' 5 

The merged variable "gam mixers 'of the present invention Hdr place a greater power 
demand upon the local oscillator circuitry. For example, in Prior Art Figure 1 the local 

-9- 
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oscillator circuitry must drive only four (4) transistors, whereas in the embodiments of Figures 4 
and 5 the local oscillator circuitry must drive eight (8) transistors. This is not believed to be a 
significant constraint. 

Although only a few embodiments of the present invention have been described in detail 
herein, it should be understood that the present invention may be embodied , in many other 
specific forms without departing from the spirit or scope of the invention. 

For example, the symbol utilized to denote transistors in the Figures is generally known 
to represent bipolar type transistor technology. f However, it will be appreciated that field-effect 
transistors (FETs) such as MOSFETs would work well for the present invention. 

As will further be appreciated* the present anyentipn.is suitable. for use in implementing 
both up and down converting mixers. . _ - : 

Therefore, the present examples and .embodiments , are to be considered as illustrative 
and not restrictive, and the invention is not to be limited to the details given herein, but may be 
modified within the; scope of the appended claims, 
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1;—" A merged variable gain mixer comprising: 
5 a switching device having first and Second ihpiit pairs and 'an output pair, the switching 

device responsive 16 a signal LO applied to the first input* pair and' an input signal I f applied to 
the second . input pair to generate an output signal : O f at the output pair, the output signal O f 
having an amplitude that is a function- of the- inpUf signal I f and an output frequency that is a 
function of both the^signal LO and the input signal I^;- and ' ' : ' 
10 .a current steerifig device r having ? a first- itipiit pair, a* 'supply voltage input, and a control 

voltage input, the current steering device operable to control, as v a' function of a control * voltage 
V gc applied at the Control voltage- input,* current flowing between a supply voltage V cc coupled to 
: the supply voltage input and the current steering device first input pair, - '*- - 

wherein the switching device second input pair and the current steering device first input 
15 pair are coupled together such that the current steering device can attenuate the output signal O f 
by steering a portion of the current of the input signal I f away from the switching device and 
dumping that portion of the current out to the supply voltage V^. 

2. A merged variable gain mixer as recited in claim 1, wherein the switching device 
20 includes four transistors Ql, Q2, Q3, and Q4, the bases of transistors Ql and Q2 coupled to a 

first terminal of the switching device first input pair, the bases of transistors Q3 and Q4 coupled 
to a second terminal of the switching device first input pair, the emitters of transistors Ql and 
Q3 coupled to a first terminal of the switching device second input pair, the emitters of 
transistors Q2 and Q4 coupled to a second terminal of the switching device second pair, the 
25 collectors of transistors Ql and Q4 coupled to a first terminal of the switching device output 
pair, and the collectors of transistors Q2 and Q3 coupled to a second terminal of the switching 
device output pair. 

3. A merged variable gain mixer as recited in claim 2 wherein the four transistors 
30 Ql, Q2, Q3, and Q4 are bipolar transistors. 

4. A merged variable gain mixer as recited in claim 2 wherein the four transistors 
Ql, Q2, Q3, and Q4 are field-effect transistors. 
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5. A merged variable gain mixer as recited in claim 2, wherein the current steering 
device further includes a second input pair coupled to the switching device first input pair. 

6. A merged variable gain mixer as recited in claim 2 wherein the current steering 
5 device includes four transistors Q5, Q6, Q7, and Q8, the bases of transistors Q5 and Q8 being 

coupled to the first terminal of the switching device first input pair, the bases of transistors Q5 
and Q8- further coupled to the control voltage input through a resistor R;, the base of Q6 coupled 
to the control voltageinput through a resistor R 2 , the base of Q7 coupled to the control voltage 
input through a resistor R 3 , the collectors of transistors Q5, Q6, Q7, and Q8 coupled together at 
10 the supply voltage input, the emitters of transistors jQ5 * and Q6 coupled together at the first 
terminal of the switching device second input pair, and the emitters of transistors Q7 and Q8 
coupled together- at the second terminal of the switching device second input pair. 

7. A merged variable gain mixer as recited in claim 6 wherein the four transistors 
15 Q5, Q6, Q7, and Q8 are bipolar transistors. , ni^r -^.^ 

8. A merged variable gain mixer as recited in claim 6 wherein the four transistors 
Q5, Q6, Q7, and Q8 are field-effect transistors. -" ' ' - ' 

20 9. A merged variable gain mixer having a double balanced configuration, the 

: merged variable gain mixer comprising: • — ' • ~ A •'■ : * *" 

r a mixings quad having fouf transistors Ql, Q2, Q3,<and Q4, the bases of transistors Ql 
and Q2 coupled to a first tenftinal, the' bases o£ transistors Q3 and Q4 coupled to a second 
terminal, the emitters of transistors Ql and Q3 coupled to a third terminal, the emitters of 

25 transistors Q2 and Q4 coupled to a fourth' terminal; -.the collectors of transistors Ql and Q4 
coupled to a fifth terminal, and the collectors of transistors' Q2 and Q3 coupled to a sixth 
terminal; and "« : - • t l 

a Gilbert current steeriiig quad having four transistors Q5, Q6", Q7, and Q8, the bases of 
transistors Q5 and'Q8 being coupled to a seventh i terminal, >the ; bases Tof transistors Q5 and Q8 

30 further coupled 1 to a : control voltage input through a ; resistor R„ the base of Q6 coupled to the 
contror voltage input through a resistor R 2 , the.baise-6f Q7 coupled to the control voltage -input 
through a resistor R 3 , the collectors of .transistors Q5, Q6, Q7, arid Q8 couplednogethef at a 
supply voltage input, the emitters of transistors Q5 and Q6 coupled together at the third 
terminal, and the emitters of transistors Q7 and Q8 coupled together at the third terminal. 
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■; IQt :.- A jnerged variable gain mixer as recited in claim 9 further comprising a first 
blocking capacitor intended to electrically couple the first terminal to a first local oscillator 
terminal >and a second blocking capacitor intended to electrically couple the second terminal to a 
5 - second local oscillator terminal. 

11. ,. A merged variable gain, mixer as;,recited in claim 10 further comprising a, third 
. blocking capacitor, intended to. electrically couple the seventh terminal to the first local oscillator 

- t terminal and a fourth blocking. capacitor, intended to electrically couple the bases of transistors 
10 : Q6 and*Q7 to the second locahoscillator terminal. ** :•:.*. !<•, m ' 

V *. '*' ■ * * U ' i. *u A.:.'* ■ \ ' v.- • ' ■ " . . ■ • 

12. . . A merged variable; gain* mixer «.as recited- in claim. 9 wherein, the transistors are 
bipolar transistors. 

15 13. A merged variable gain mixer as recited .in claim 9 wherein the transistors are 

field-effect transistors. 

14. A merged variable gain mixer as recited in claim; 9 . further comprising a bias 
device capable of providing bias signals at the bases of the transistors Ql, Q2, Q3, and Q4. 

20 . / ;■>; -v d 4 ;-.-:L u ^n:;;.f' r. * 1 

15. A merged variable gain mixer as recited in. claim 14 wherein the . bias device has 
i a : bias voltage : V b , and suresistpr ceiiplinjg the bias voltage V(,- to: the bases. of transistors Ql 

— and ; Q2 and a resistor coupling: the bi^s; voltage V b to the bases of; transistors Q3 and Q4.t 

25 r 16.-. A- merged single, balanced configuration, the 

merged variable gaincpixer qxyx^nsing: . r : , . ... . .'.-.,;/ ^ 

a mixing stage having two transistors Ql and Q2; and 
. : a current steering stage haying^wo transistors Q3 and Q4,;> . , — . . 

■ wherein - ,the mixing, stage -i^d. the, current steering stage - .-arc ;cQupted; in parallel-, the 

30 r emitters of the ^ansistors Ql^QZ^QS^^nd Q4 being CQupled together^ forming ^ .current input 
. , . - tepninal, the-collpctors ofiQ3 snd Q4 : being : coupled together at a supply, .-voltage input; and the 
collectors, of the^transistors Ql and Q2 forming output teniiinals. ;r - 



- 13- 



BNSDOCID <WO 9963676A1 .1 > 



WO 99/63676 < PCT/US99/04632 

17. A merged variable gain mixer as recited in claim 16, the merged variable gain 
mixer arranged for use as an AC coupled merged variable gain mixer, the* bases of the 
transistors Ql and Q2 being provided a DC bias and further coupled to a local oscillator signal 
through a pair of DC blocking capacitors; the bases of the transistors Q3 and Q4 being provided 

5 a DC bias and a control signal suitable for controlling the gain of the variable gain mixer. 

18. A merged variable gain mixer as recited in claim 16, the merged variable gain 
mixer arranged for use as a DC coupled merged variable gain mixer switched by a local 
oscillator signal LO composed of differential parts LOl and L02, the local oscillator signal LO 

10 including DC bias and a gain control signal, the bases of Ql and Q2 being differentially coupled 
to LOl and the bases of the transistors Q3 and Q4 being differentially coupled to L02. 

19. A merged variable gain mixer as recited in claim 16 wherein the transistors Ql, 
Q2, Q3 and Q4 are bipolar transistors. 

15 

20. A merged variable gain mixer as recited in claim 16 wherein the transistors Ql, 
Q2, Q3 and Q4 are field-effect transistors. 

21. A method for mixing and variably amplifying an input signal I f in order to 
20 generate an output signal O f , the method comprising the acts of: 

receiving an input signal I f having an input frequency and an input current; 
receiving a local oscillator signal; 
receiving a gain control voltage V gc ; 

absorbing a portion of the input current as a function of the gain control voltage V gc and 
25 the local oscillator signal, thereby generating an attenuated input signal having an attenuated 
input current; and 

generating an output signal O f that is a function of the attenuated input signal, the input 
frequency, and the local oscillator signal. 

30 22. A method as recited in claim 21 wherein the control voltage V gc can be selected 

such that the attenuated input current is substantially equivalent to the input current. 

23. A method as recited in claim 21 wherein the act of generating an output signal O f 
includes amplifying the attenuated input current by a constant value. 
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-.. c 24t .A method as raited inxlaim 23^whereinthe constant value is unity. 
. -25:/ A method as recited in claim 23, wherein the constant value is greater than unity. 



*u* -ii J"* Kj \::n>: SO Jv 



1 l i T- 1 , ■ * 
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